Comment
One of the starting materials used in the context of our ongoing research into energy transfer in ternary complexes is the title compound, 1,8-dichloroanthracene, (I). In an attempt to prepare an organometallic platinum clip, crystals of (I) were obtained and the structure was determined to be a previously unreported monoclinic polymorph of 1,8-dichloroanthracene.
The orthorhombic structure of (I) had originally been reported without coordinates by Desvergne et al. (1978) and was determined in the space group Pnma (with Z = 4) from Weissenberg photographs collected at room temperature. This structure was later corrected by Benites et al. (1996) to the space group Pna2 1 in essentially the same unit cell, determined based on point-detector data collected at room temperature, and refined against F values instead of F 2 . To better compare the two polymorphs and also to redetermine the structure using current methods, low-temperature data of the orthorhombic form were collected (the original bulk sample was still available) using a modern diffractometer equipped with an area detector. Figs. 1 and 2 show the molecules of the monoclinic and orthorhombic structures, respectively.
Comparison of the two structures shows that the monoclinic polymorph is somewhat denser than the orthorhombic crystal form (1.548 versus 1.533 Mg m À3 ), despite the fact that the orthorhombic unit cell was determined at a slightly lower temperature than the monoclinic one. To test for the possibility of a temperature-dependent phase transition, the unit cell of the monoclinic form was determined at 290 K from a fresh crystal (data not reported here) and was found to be the same monoclinic cell as that reported herein. It also appears that the orthorhombic polymorph does not convert to the denser monoclinic form over time, at least not on a decade timescale, as the orthorhombic crystals used for this study were grown over 16 years ago.
Besides the obvious intramolecular C9-H9Á Á ÁCl contacts occurring in both molecules, which are based more on molecular geometry than attractive forces between H and Cl atoms, both structures show weak intermolecular C-HÁ Á ÁCl interactions. Using the sum of the van der Waals radii (3.0 Å ; Bondi, 1964) as a cut-off and limiting the search to C-HÁ Á ÁCl angles near a chemically sensible value of 150 , the monoclinic structure has one crystallographically independent van der Waals interaction involving atom Cl1, while the orthorhombic structure has two crystallographically independent interactions of this kind, both involving atom Cl1. These interactions are listed as C-HÁ Á ÁCl hydrogen bonds in Tables 1 and 2. In the monoclinic polymorph, the C4-H4Á Á ÁCl1 i interactions [symmetry code: (i) x, Ày + 5 2 , z + 1 2 ] link the molecules into infinite zigzag ribbons extending along the c axis, in which neighboring molecules assume an angle of 55.891 (14) with respect to one another. When viewed in projection along the a axis, the zigzag nature of the ribbons is obvious (Fig. 3a) . A projection along the b axis shows the ribbon from the side (Fig. 3b) , while in a view along the axis of propagation, i.e. the c axis, a V-shaped groove presents itself (Fig. 3c) .
The C-HÁ Á ÁCl interaction pattern found in the orthorhombic structure is somewhat more complex. The first of the .
Figure 4
Various packing views of the orthorhombic structure. C-HÁ Á ÁCl interactions are drawn as dashed lines. (a) The zigzag ribbon extending along the a axis, generated by the hydrogen bonds of atom H4. The angle between neighboring molecules is 55.816 (14) . (b) The zigzag chain extending along the c axis, generated by the hydrogen bonds of atom H7. The angle between neighboring molecules is 51. 494 (13) . ( (Fig. 4a) , with an angle between neighboring molecules of 55.816 (14) . These ribbons are similar to those described for the monoclinic structure. Most notably, the angle between molecules is almost identical (only five s.u.s apart) and both ribbons are generated by glide planes (a c-glide in the monoclinic structure, corresponding to the propagation of the layer in the c direction, and an a-glide in the orthorhombic structure, where the chain extends along a). It should be noted that the a axis in the monoclinic structure is only slightly longer than the c axis in the orthorhombic structure [and d 100 of the monoclinic form (18.136 Å ) is almost identical to the length of the orthorhombic c axis], and the monoclinic c and orthorhombic a axes are also quite similar (as are, incidentally, the two b axes, making the angle the only notable difference between the two unit cells).
The second interaction in the orthorhombic structure, C7-H7Á Á ÁCl1
iii [symmetry code:
, adds an interesting dimension of complexity to the packing of that polymorph. When examined on its own, it connects the molecules into infinite zigzag chains extending along the c direction, perpendicular to the ribbons generated by the first interaction (Fig. 4b) . In those chains, the angle between neighboring molecules is 51.494 (13) . In combination, the two independent C-HÁ Á ÁCl hydrogen bonds give rise to an infinite three-dimensional network ( Fig. 4c shows a packing plot in projection along the b axis). Connection in the third dimension is generated by means of helices extending along the b direction (Fig. 4d ). These helices are built using all four symmetry operators of the space group (including x, y, z) and the four symmetry-equivalent molecules contribute to a given helix in four different ways. One molecule binds to its neighbors through atoms H4 and H7, a second through atoms H4 and Cl1, a third through atoms H7 and Cl1, and the fourth only through atom Cl1, which accepts hydrogen bonds from atoms H4 and H7 of neighboring molecules. Fig. 4 (e) shows the anatomy of the helix schematically. It is remarkable that, even in the comparatively simple space group Pna2 1 , just two crystallographically independent hydrogen bonds can give rise to two infinite straight chains in two directions and a complex helix in the third, while interconnecting the molecules into a three-dimensional framework. Fig. 5 shows packing plots of the two structures and gives the nearest ClÁ Á ÁH distances in views approximately along the respective b axes. In both structures, each of the Cl atoms is near five H atoms and all H atoms, except for atom H9 in both molecules, are involved. The respective ClÁ Á ÁH distances are quite similar in the two polymorphs. This statement does not refer to hydrogen bonds or van der Waals interactions, as most of these ClÁ Á ÁH distances are longer than the sum of the van der Waals radii. Nevertheless, the projections shown in Fig. 5 illustrate well the similarities between the two structures. A comparison of the ClÁ Á ÁH distances in the two structures also reflects the higher density found for the monoclinic structure, as the corresponding distances in the orthorhombic polymorph are significantly longer.
Simulated powder patterns of the two structures calculated using Mercury (Macrae et al., 2008) did not reveal any similarities between the two polymorphs besides those to be expected with such similar unit cells and packings as described in the paragraphs above. Projections, approximately along the b axes, of (a) the monoclinic polymorph and (b) the orthorhombic polymorph, showing the nearest ClÁ Á ÁH distances in the packing of the two structures. Distances around the Cl atoms (in Å ), in (a) Cl1Á Á ÁH2 It is interesting to note that the crystals of both polymorphs were derived by the same method and from the same solvent (slow evaporation from propan-2-ol). The presence of other components, namely Pd(PPh 3 ) 4 and possible reaction products, during the crystallization of the monoclinic form is the only tangible difference between the two crystallization procedures. However, recrystallization of the 16-year-old orthorhombic sample by slow evaporation from propan-2-ol yielded the monoclinic polymorph (data not presented here). Exhaustive additional crystallization experiments will need to be carried out before a conclusive statement can be made. Nevertheless, it cannot be ruled out that this may be another example of a disappearing polymorph (Dunitz & Bernstein, 1995) .
Experimental
For the orthorhombic crystals, compound (I) was prepared according to the procedure of Collman et al. (1992) and crystallized from propan-2-ol by slow evaporation. The crystals used for this study were, without recrystallization, taken from the original 16-year-old bulk sample from which a crystal had been used to derive the orthorhombic structure of (I) by Benites et al. (1996) . For the monoclinic crystals, (I) was prepared according to the procedure of Tauchert et al. (2010) , chromatographically purified and crystallized by slow evaporation from propan-2-ol in the presence of Pd(PPh 3 ) 4 and possible reaction products.
Compound (I), monoclinic polymorph
Crystal data Both structures were refined against F 2 on all data by full-matrix least squares with SHELXL97 (Sheldrick, 2008) , following established refinement strategies (Mü ller, 2009). All H atoms were included in the model at geometrically calculated positions, with C-H = 0.95 Å , and refined using a riding model, with U iso (H) = 1.2U eq (C).
Four outlier reflections with F o À F c / > 10 were omitted from the refinement of the monoclinic structure, and two low-resolution reflections with F o << F c (indicative of obstruction by the beam stop) were omitted from the refinement of the orthorhombic structure. The Flack x parameter (Flack, 1983) of the orthorhombic structure was determined to be close to 0.5 and this structure was refined as a racemic twin. The twin ratio was refined freely and converged at 0.42 (3).
Data collection: APEX2 (Bruker, 2011) for the monoclinic polymorph; COLLECT (Nonius, 2000) for the orthorhombic polymorph. Cell refinement: SAINT (Bruker, 2011) for the monoclinic polymorph; SCALEPACK (Otwinowski & Minor, 1997) for the orthorhombic polymorph. Data reduction: SAINT for the monoclinic polymorph; DENZO (Otwinowski & Minor, 1997) and SCALE-PACK for the orthorhombic polymorph. For both polymorphs, program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008) ; software used to prepare material for publication: SHELXTL.
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